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[Abstract] 

[Objective] To provide electric charge transporting material 
for an organic electroluminescent element that exerts high- 
intensity light with a low voltage. 

[Means for Solving the Problems] Various types of 
silacyclopentadiene derivatives as electric charge 
transporting materials. 

[Claims] 

[Claim 1] A silacyclopentadiene derivative represented by the 
following formula 1: 

[Formula 1] 



(In the formula, X and Y independently represent a saturated 
or unsaturated hydrocarbon group of one to six carbons, alkoxy 
group, alkenyloxy group, alkinyloxy group, substituted or 
unsubstituted aryl group, substituted or unsubst ituted hetero 
ring, or a structure in which X and Y are bonded together for 
forming a saturated or unsaturated ring, Ri to R 4 
independently represent hydrogen, halogen, substituted or 
unsubstituted alkyl group of one to six carbons, alkoxy group, 
aryloxy group, perf luoroalkyl group, perf luoroalkoxy group, 
amino group, alkylcarbonyl group, arylcarbonyl group, 
alkoxycarbonyl group, aryloxycarbonyl group, azo group, 
alkylcarbonyloxy group, arylcarbonyloxy group, 
alkoxycarbonyloxy group, aryloxycarbonyloxy group, sulfinyl 
group, s'ulfonyl group, sulfanyl group, silyl group, carbamoyl 
group, aryl group, hetero-ring group, alkenyl group, alkynyl 
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group, nitro group, formyl group, nitrozo group, formyloxy 
group, isocyano group, cyanate group, isocyanate group, 
thiocyanate group, isothiocyanate group, or cyano group, or as 
located in an adjacent manner, a structure in which a 
substituted or unsubstituted ring is condensed. (However, if 
Ri and R 4 are phenyl groups, X and Y are not an alkyl group 
and a phenyl group. If R x and R 4 are thienyl groups, X and Y 
cannot be monovalent hydrocarbon groups and Rj. and R 3 cannot 
be alkyl groups, aryl groups, alkenyl groups, or fatty groups 
in which Ri and R 3 are bonded together for forming a ring, at 
the same time. If Ri and R 4 are silyl groups, each of R x , R 3 , 
X, and Y is not a monovalent hydrocarbon group of one to six 
carbons or a hydrogen atom, independently. If a benzene ring 
is condensed in Ri and R 3 , X and Y are not an alkyl group and 
a phenyl group.) 

[Claim 2] A silacyclopentadiene derivative represented by the 
following formula 2: 

[Formula 2] 



(In the formula, X and Y independently represent a saturated 
or unsaturated hydrocarbon group of one to six carbons, alkoxy 
group, alkenyloxy group, alkinyloxy group, substituted or 
unsubstituted aryl group, substituted or unsubstituted hetero 
ring, or a structure in which X and Y are bonded together for 
forming a saturated or unsaturated ring, R 5 to R 8 
independently represent hydrogen, fluorine, chlorine, 
substituted or unsubstituted alkyl group of one to six 
carbons, alkoxy group, perf luoroalkyl group, perf luoroalkoxy 
group, dialkylamino group, diarylamino group, silyl group, 
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aryl group, hetero ring group, or cyano group, or as located 
in an adjacent manner, a structure in which a substituted or 
unsubstituted ring is condensed. (However, if R5 and R 6 are 
phenyl groups, X and Y are not an alkyl group and a phenyl 
group. If R5 and R 6 are thienyl groups, X and Y cannot be 
monovalent hydrocarbon groups and R 6 and R 7 cannot be alkyl 
groups, aryl groups, alkenyl groups, or fatty groups in which 
R 6 and R 7 are bonded together for forming a ring, at the same 
time. If R5 and R6 are silyl groups, each of R 6 , R7, X, and Y 
is not a monovalent hydrocarbon group of one to six carbons or 
a hydrogen atom, independently. If a benzene ring is 
condensed in R 5 and R 6 , X and Y are not an alkyl group, a 
phenyl group, and halogen.) 

[Claim 3] A silacyclopentadiene derivative represented by the 
following formula 3: 

[Formula 3] 




(In the formula, Z and W independently represent a saturated 
or unsaturated hydrocarbon group of one to six carbons, 
substituted or unsubstituted aryl group, substituted or 
unsubstituted hetero ring, or a structure in which Z and W are 
bonded together for forming a saturated or unsaturated ring, 
R9 to R12 independently represent a substituted or 
unsubstituted alkyl group of one to six carbons, 
perf luoroalkyl group, diarylamino group, silyl group, aryl 
group, or hetero ring group, or as located in an adjacent 
manner, a structure in which a substituted or unsubstituted 
ring is condensed. (However, if R9 and R12 are phenyl groups, 
Z and W are not an alkyl group or a phenyl group. If R 9 and 



R12 are thienyl groups, Z and W cannot be monovalent 
hydrocarbon groups and Rio and R n cannot be alkyl groups, aryl 
groups, or fatty groups in which Ri 0 and Rn are bonded 
together for forming a ring, at the same time. If R 9 and R 12 
are silyl groups, each of Ri 0 , Rn, Z, and W is not a 
monovalent hydrocarbon group of one to six carbons or a 
hydrogen atom, independently. If a benzene ring is condensed 
in R 9 and Rio, Z and W are not an alkyl group and a phenyl 
group. ) 

[Claim 4] A silacyclopentadiene derivative represented by the 
following formula 4: 

[Formula 4] 



(In the formula, A represents a zinc halide or a zinc halide 
complex, X and Y independently represent a saturated or 
unsaturated hydrocarbon group of one to six carbons, alkoxy 
group, alkenyloxy group, alkinyloxy group, substituted or 
unsubstituted aryl group, substituted or unsubstituted hetero 
ring, or a structure in which X and Y are bonded together for 
forming a saturated or unsaturated ring, R 2 and R 2 
independently represent hydrogen, halogen, substituted or 
unsubstituted alkyl group of one to six carbons, alkoxy group, 
aryloxy group, perf luoroalkyl group, perf luoroalkoxy group, 
amino group, alkylcarbonyl group, arylcarbonyl group, 
alkoxycarbonyl group, aryloxycarbonyl group, azo group, 
alkylcarbonyloxy group, arylcarbonyloxy group, 
alkoxycarbonyloxy group, aryloxycarbonyloxy group, 
alkoxycarbonyloxy group, aryloxycarbonyloxy group, sulfinyl 
group, sulfinyl group, sulfonyl group, sulfanyl group, silyl 
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group, carbamoyl group, aryl group, hetero-ring group, alkenyl 
group, alkynyl group, nitro group, formyl group, nitrozo 
group, formyloxy group, isocyano group, cyanate group, 
isocyanate group, thiocyanate group, isothiocyanate group, or 
cyano group, or a structure in which a substituted or 
unsubstituted ring is condensed. 

[Claim 5] A silacyclopentadiene derivative represented by the 
following formula 5: 

[Formula 5] 



(In the formula, A represents a zinc halide or a zinc halide 
complex, X and Y independently represent a saturated or 
unsaturated hydrocarbon group of one to six carbons, alkoxy 
group, alkenyloxy group, alkinyloxy group, substituted or 
unsubstituted aryl group, substituted or unsubstituted hetero 
ring, or a structure in which X and Y are bonded together for 
forming a saturated or unsaturated ring, R 3 and R 4 
independently represent hydrogen, fluorine, chlorine, 
substituted or unsubstituted alkyl group of one to six 
carbons, alkoxy group, perf luoroalkyl group, perf luoroalkoxy 
group, dialkylamino group, diarylamino group, silyl group, 
aryl group, hetero-ring group, or cyano group, and may be a 
structure in which a substituted or unsubstituted ring is 
condensed. 

[Claim 6] A silacyclopentadiene derivative represented by the 
following formula 6: 

[Formula 6] 
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(In the formula, A represents a zinc halide or a zinc halide 
complex, X and Y independently represent a saturated or 
unsaturated hydrocarbon group of one to six carbons, 
substituted or unsubstituted aryl group, substituted or 
unsubstituted hetero ring, or a structure in which X and Y are 
bonded together for forming a saturated or unsaturated ring, 
R 5 and R 6 independently represent a substituted or 
unsubstituted alkyl group of one to six carbons, 
perf luoroalkyl group, diarylamino group, silyl group, aryl 
group, or hetero-ring group and may be a structure in which a 
substituted or unsubstituted ring is condensed. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an organic 
electroluminescent element capable of providing light 
emission of a high brightness at a low voltage due to the 
excellence in electron transporting properties and useful 
as a full color flat panel display, etc., by using a specific 
silacyclopentadiene derivative as a component, etc., of a 
charge transporting layer. 

SOLUTION: This compound is represented by the } \, $ * 

formula [X and Y are each a 1-6C (un)saturated $*% 
hydrocarbon group, an alkoxy, a (substituted)aryl, etc.; : '? r /* 
R1 to R4 are each H, a halogen, a (substituted)1-6C 
alkyl, an alkoxy, etc.] [e.g. 1,1-dimethyl-2,5~bis(2- 
trifluoromethylphenyl)-3,4-diphenylcyclopentadiene] as a 
component, etc., of a charge transporting layer, a 
luminous layer or a positive hole blocking layer. 
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1, 1 -v^^U- 2, 5-v (3-^>l/75-;P) 
-3, 4-^7i-Jk>7^D^>^yX> 
1, l-v^^-2, 5-tfX (3, 4-i?y)\>*U 
7X-J1/) -3, 4-y7x-JW>7y^P^>^yX 
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1, 1 2, 5 -ex (3, 4, 5-MJ7 

MD7IXJW -3, 4 -v^ai-;U>^^^D^> 
*>>X> 

1, 1 -zS*3 L )\s-2, 5 -ex (2, 3, 4, 5, 6 
-s<s>&7)l*U7 x.~)\,) -3, 4-y7xrjl/y7 

5, 5' -y^P^-l, 1, 1' , 1' h^X^ 
;i/-3, 3' , 4, 4' ~^h^;7:r;X;i/-2, 2' - 
e->D-Jl/ 

5, 5* 1, 1' , 1* -fh7Xf 20 

3, 3 ' 4, 4 ' -f h77xXJk 2, 2 ' - 

OSiMe 2 tBu 
tBuMe^SiO — J tBuMe 2 SO 



e^D-ji/ 

5, 5' ' * -y^P^E- 1, 1, 1 ' , 1 • , 

l ' * . l ' ' , 1 ' ' ' , l ' • ' -Urtrjrxfr)],- 

3, 3' , 3' ' , 3' ' ' , 4, 4' , 4' * , 

4' * * -^i7^^xx;i/-2, 2' : 5' , 2' ' : 

5' ' , 2' ' * >D-;i/ 

9, 9' -y7XtfPt!7Ml/> 

9, 9-y7xXJ|/-9-y77MU> 

9, 9 -is^yjiJ-uy 

[0 0 11] Mb 5] T*3n«ft^ft (TTSTT) 
[0 0 12] 
Mfc5] 

tBuMe 2 SiO ^ ^ OSiMt^tBu 




[0 0 13] [ft 6] T«Sft4ft§1 
[0 0 14] 
Mb 6] 



SiMe 2 tBu 




[0 0 15] *PKffll^Wy7y^P^>^yX 

€T£ 0 -flS^ Mb 7] 

[0 0 16] 

Mb 7] 

R* *i 




Si 

[ooi 7] (S;^, x&tfYte, ^n-ens&tticft* 

*l*6 6ST©ttft«L<»4^iaft<OKIb***, 7 40 

^n^nawttc**, ad^x b&^u< te&e&<& 
-;p#;i^x;i/g, 7;io^;&;m?;z;ms, tu-jp 



pi/ v Ph 



7U-JWM-;W*yS, 7;i^*^#;i'# 

;i/7>fzM, x;i/^^x;ua, XJI/7 7-M, ->u 

*r~)vm. T)v*—)vgk, xfds, *)v^)\,m. xh 
pyl, ^yy7/s, ~>7*-h 

>fy>/7*-H, fty7*-h», -fV^S/ 
7^higb<iiy7/S^m e&«b<te** 

*#fc7;k&U&«#f*SJE*Sl^ tt^T-*fi£ Mb 
8] 

[0 0 18] 

Mb 8] 

Si 



[0019] (3£#, x, Y&tfzte. ^n^nffis 

ctoT, -«SC Bk9] 
[0 0 2 0] 



(6) 

9 

Ut9] 

V-/' 

•ft- 

[0 0 2 1] «t>, Ate. AD^>'fbMIB^ : b<tt/'\ 

py>fcasgGi&&£*u x&tfYtt. ^n^-'nffiijc 

7;io*->», 7 ;i^x;i, 7)1*=.)^ 
Mtb<«iMffl7 l J-il'i, B&«L< 10 
teMB&©^PSI£*T;6\ Xi:Y^-&LT^*nS 
fcttWfoc^^/SLTisO, R. 25.lXR 2 tt, 

^l^e. 6*tco7;u+;us, 7;i/p*->a> ru— ;u 

p*->«. 757S. tu-;i/ 
#;i/#xji^. 7;pn^>#;u#x;[/g. 
->#;P#x;i/8. 7ys, T;u^^^;^n;i/^-> 

Jl/:*4^>g, 7'J- Jl**i/fijm-Jl>-**i'm, XJU 20 

x;pg. TJl^xjkg. - has. ^Jis.jum. -ho 
-rv->T^-h«. ftv7^-HS, -fy^v 

f a ^ > ^ ->*x >|j|*#:^# <=> o 
[0 0 2 2] ^dTffl^e.tl-5y-tr^l/>^»:tC#< 

h\ 'J^A4, 4' — ->*>J-:7^;P-2, 

2' -k^iZUH^Ii^tt'Jf^A (N. N-^*?- 

bill 7;i/# U &m,&Z>WZ7)ltl >J &JR$8#: 

SWi^h^t: Kp:7^>©<£5&X— 40 

mtrnwrni*. -\-^-\z^mhr^^z.ttm^L<, * 



4#H?¥9 -8 7 6 1 6 

10 

^>^vX>l§^{cM«CD#ffiT. -tit*. [ftlO] 
[0 0 2 3] 
[-ft 1 0 ] 

RX 

[0 0 2 4] «C*. Xtt, tt[3|f. ^X«3^^^* 
L. Rtt. AP^X g^U<««S«^cD^^ISl^ 
£ 6 %L-T?<D7)V*)im. A-7J^D7M^S, 
^^^^^x;^. 7>)—)lfi)ls#=.)Um. 7)Uu*z/ 
tS)V^~)im. 7V-)l-**^-t))lT$-)l&> Xfryj 

x;ws, x;i/7*x;i/g. x^7rx;us, ->'j;kg> 
7V-)i&. ^pis. y;i/^rxji,aeL<«7';i/^ 
x;i/*<£^t"o ) -e«^n^/Noy>-fk#»^sjs$-a--5 

Z. t \Z J: o T\ #«BJT*/B </> £ tl-5 P'O^ J? 

X^^fc^-S^i/^T^-S. 

[0 0 2 5] ^CT'ffl^f,n5i!|ibTH rh5+ 
X h U7i^7:tX7^ >rt7-J0A&2>Wti?5'a 
Pf7.HU 7irj|/7*X7-f yn^Vv KUEOrt? 

taKT7&wsu<, ffl«o < cjKTTfT^n«». Any> 

3t. ^ttEfc^h^ t HP7^>Sffl^fc^-&tr«a§fET 

[0026] *mnT*m^£>K2>ik-$mz#\,*T. 

-> ^ D >^ >*X >S >-tf >S^ffi-& L T -5 i§-& 
T {C» 6. tlT V»<5 <Djj m-C & Z> 1Z 6 W ^ tt& V» 

1] 

[0 0 2 7] 
[fcll] 




[0 0 2 8] (^"t". X«, ^Sl. *S^L<«3^* 

6*TcD^fo^b<«?F^?ao^k*^S. 7;m^r-> 
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£2, 2' -i?AD^/ k*yxx;ug§ifj#tcy;p;t»U£ 

zit> ztaz~%& Mbi 2] 

[0 0 2 9] 
[<tl2] 

XYSiCh 

[0030] <sc*, xs^Y«, ^n^nniuzfcm 
a. g&gu< te«*@&©7U-;i/a> g&&-5v>tt*s 

^&fO©S£J£j£LX<A£,. ) T^n-SS^DDv^ 

[0031] zzTm^znz&mtVTiz, 

tfe-tl. #JH^#:i:LT«, 7 ;i/V;uy^JHJ ^tf A. 

'J -:/?;UU3 1 ^A&&^te7;r.-;MJ3 1 <i7A 

^^fetf^n-s. fflv^n-52, 2* -^Aoy/t'7 
nr. - 7 ot^TT-fTtons. ffi^ensRis^tb 

U&Jgig#»c^£te&fc©&S4*lcMEte&<. a*. 

[0 0 3 2] C0J:5l:LTft6nt**flTfflH5ft 
* -> 5 □ yI>i^©M ^ Ji«c#< 

a. -fyypfcf^a, ->^n^>5 L ;u», fc^te^- 

y^x;i/a&-5 tittx^ >j ji/ScD«t 3 &y ;i^y x 

^^©j^&TJl^x^a. ^ h+yl, ih+-> 

©Jc^fcTJU^^a^ tfx^+^a^s^ttTU^ 
^^©ipfty^yx^^iya* x^x;M-*-> 

&$> £ Vi« 7 X X;i/T-fe^;i/*^ v-a©<t 3 & 7)\>3r— 

JVtti'X. 7inM, ^-7^;i/a, 7>b?-t-)l> 
S. k*7xz;n, h;i/-r;ua, tfux;ia, ^'Jl/- 

;l^a. 7r-WH, ^-7i^S^5lrMi7it>X 
U^PSffDJU-M, tFD7'J;H. fch'Ptfl/ 
x;ua. v'^-^-y-x^a, ^xx;pa, 7'JJH, 

-y-yy^a. *-*-y-s>yyj;i/a. f77'jjn, ery 
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yyyj^a. 7i"j^;n. ^yu;i/a, */*-y- 
n-f;ua, 7it>xnij;n, -^y^xxjua. ^ 

^/^yyu^a, -r>h*u;ua, ->^->^p^>^^ 
xxjpa&swiify yji/a^©^p»^*&tf 

b XX fcf D gg £ IT HX t> & (A. 
[0 0 3 3] ->7->^P^>iS'^X>'«©^±lC#< 

>. *^;ua, x?yia. y^jpyptf^a. -r yy 
io Ptf;i/a, ->^P^>^a. ^-sway— u -y 
^;pa©J;^^:T;u+;i/a. ex;i/a. 7u;«. y^ 

xjug&.g> U ;ua© J: 5 JUy x;ia, X? 

<t5^7;^xji/a, *h*->a. -r yy 

P7H+->a^ -s t/^SiS' - -> -vj - y h + ->a© <fc 3 
;i/p^->s. ex;p^->aa&-s^H*5"j;i/^->a© 

^■5^T;u^rx;i/^-^->« x x^xj^+^afe-s^tt 
yix;PT-fe^;P7)-^>-a©J:'5^7J^x;i/^-^-> 
a. 7i/*->I, t7h*yl, f7izM+yS 

20 vi« tf i^x;io*-*->a© J: 5S7U -jv** ->a, 

h'J7MD/^H, HU7MP / h^->a$>^^ 
IJ^>^7itDih+yI<?)J;5ftA-7MnS > 
y'^WSyi, yX?JP75;Sfe5l>liy7ix 

^7s/«0<t5^75ya, T-t^;pafe-5^tt^> 
y-r ;ia©<fc ? &y h>. 7-fch*eya&&w;i^>y 
^;i^*->a©«fci>&xx^;pa> *b*i/fi)i<#=.ji 

Ih^y*MxJH$5^tt7i/ + y*;i'fc 

;i^a©J;p^xx^Pa. 7^;ux;py^x;i/aa&-s^ 

30 0 y^?M-ytU-7'f;ky | JJI/ 

a. MJ* h+s^u^afcawihu^x^j^y^ 
a©cfc3te->'j;ia> 7ix;n, fyxx;i/a> y- 
yxxjpa. y-y^ypa. 7->h^-fexj|/a. tfux;i/ 
a, h^-opa. 7zy;n. 7MD7i-;i/S> y 

7i-J1/75/7iZJ«. y^WS;7i^ 
S. yIfJl/7S/7x^S*5^tt7it>/ Ux 

;ua©«t^^TU-;i/a. fizM. yujua. 
sy^p^>^vxx;ua. ^^-y-yu^a, my7 
yu;i/», ^Tyj;wa, ^r-yyyy^a. r^u-y 
40 x;«. ^/u^a. ^/^-y-p-opa. 7it>xn 
'j;wa, '<> , /fxzjn 1 ^>y5 i yyjjua, -f> 
Ku;i/a, *;uA*yy;i/a. truyjua, tfpy;ua. 
^ > y ^-y- y u jua, tr u 5 -y ;pa * v^i-r 5 ^y 

>j;ua^©^\^p^. xhPS, ^;i/5;ua, xhpy 
a, *;p5;^^->a, -fvyjys, ->y^-ha. 
-ry->7*-ha, ^*->7*-hm. -fy?t-y7^ 
- ha**v»«>'7 , ya^*»f -sti*. s^jc. cin 
^©«^a^*s^tteic©»mT^bTa<£^b 

50 [o 0 3 4] ^n?>©e^a©^A^fi*ti. ->5v^p 



13 

m e l m=? ic m v > «=> n a -> 5 -> ^ d 1 > ? *? x > « # # 
ft7i>i, tfa—jum&zwzy 7 >m\ztt 

1*138 * L/ X </>3 £ i tf» 7 fx zs* WcW \Z <fc 0 1> o 

^^x>iiio«ii«)« : F*ii3ittfcsa**#*.Ti»*ct 

^#^.&n-5. fifc, 1#Bg¥6 - 3 2 5 8 7 1 JC^iStt 

iel m^om^-ffimttm tLTgnsit^^o 

E L$?OMWi LT^f f 5. 1. 
1 -v?^5=-;p-2, 5 -ex (3-7MD7i^W 
- 3, 4 -> s 7xx;U->^->i7P^>iS'vX>ttWe{c 
»7£U 1, 5-tfx (3-*^;u 

7x^W -3, 4 -y7i-Jk>7->!?D^>i'yI 
[0 0 3 5] *5gHJ(75EL^W^tt, &«©flg«S# 

»*«»;:tt-*t©«B mmt^m) rate m 

12 -> V > ? P "<> * 5?X >^i*#S: b 1t.m$L t l- . 

^(Hi?itm*iioA*a\ »jo»i:bTii»-rn««kv». 
**«ti/Tii. b§*i/ 5 -> ^ p ^ > ^ ->*x >mmw 

mm&m/mm. mm/^smmm/^^tm/^^^^ 

[0 0 3 6] m<D~>7 isv w<.>&i;2:>mM#<w&ffi. 
MisiiT, jE7Lm±ttn^<?>mm&$>z>. mum 

#58^TfflUSn£->7->^P^>^>*X> 
«^*ffi5feWeb<«ii^«)(C^2|-r-5© 

T, #fg^cD*$ELsSi^<Dffi©JI#0y<!:bT. BUS/ 

lETUtliJIffl/ > 7 is P ^ > ? >?x 

IE?lf&jit Ji *| 1 i/niy7->i'D^yi K 
fctfSn-5. WIAtf. 9, 9' -~>5Xtf Pbf ^Jl/^-b 

e>n*. e©9, 9' ->5xeDf7M 



(8) 4# W 5 ? 9-8 7 6 1 6 

14 

u>^mnm±miz, TPD^iE^mmiz, 8-th* 

U*i/*J U>7;P5X^A (Alq) ^^T^jSetC 
#-f-5^&©t>tf>brt\PISniF. #^(CffitlfciE?L|E± 

tn*wf-5o z.o^oizTPD^^t-r^m^iiVT 

3#5S:£T«&#>o/fc (Science, 267, 1332(1995)) . £ 

«») tf&n*. 

[0 0 3 7] n-Tti £*t. 

<, ft^EbiJiTfCtlffl^nT^Sfc©, 5 

20 ^ tc LTMf8,-znr£&m<Dwme>m?>-\z-o\,>T\zmzm 

2 nm&t^b 5 0 0 0 nmW^HT-jS^S 
[0 0 3 8] *^^©EL^iCi3^^S®tbT«, 
tt*M»0**l» (4eV6t±) 

ttAu^ifO^JR. Cul, I TO, SnO z . ZnO 

fc£©««tt»»tftt*«*tfsn*. ens 

30 *BI*»j«S-a-*eiK:«kO^K-r*et*« v c**. e 

07^#<-r^et^a^b<, Sfc. titlTOy- 
hffitni«fcHQ/square«T*W*bV^ $ SftM^tt 
«^{CfeJ;S^. ISlOnmtoUffm, ^f*b< 
tel 0~2 0 0 nm^ttH-Cil^n?),, 
[0 0 3 9] -7j\ HS@tbTtt, tt*M©:C5/h$^ 
(4. 3eVHT) ««eJ»ttft-&«RtK 
en6©il'&^&«a^i:T-2)feCD*tffiV>Sn-5. Z\ 

40 ^->^A, U^^A, TJUS^-^A, V^y 1 ?^ 
^. 'J^A-&&. 7;l/5-9A^, T^SX-i/A/ 

^rty 9 *)> if U£<Dj3mz&K> , mWk&l&&.l£ikZ> 
. Z\t\Z^*). #St5ut#Tf5 t Sfc, fgiLT 
®->-hJafcitt^5Q/square«T^« : Sb<, Mfftt 
ItlOnmSHll/im, »Sb<tt50~2 0 0 n 
mCD®HTii«n-5. 
[0 0 4 0] *^0EL$^OMli, WfSbfci^ 
50 .fc#«OlB«.*«***«, IE?LM&JB*n:ttS£:%ft&* 
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Mls52><t&®)X&-oX. 1 O 4 ~1 O 6 V/ 

c m©«#BliD^lC, 'pis. <t%l 0- 6 cm 2 / V • fj> 

m^<DmiiW7£m\z&m2n% / £%}<Dh<D<Dq>frz>&:M io 

CD CD £ S b T m V £ t & X % 2> . 

[0 0 4 1] mttl&mmtlsXte, MX.tf«;u/W 

d. mmm^swiT 5.>&^m&2>wtmmizft-Dtfi) 

1, l-fc*X (4-y-p-hU^7577x- 
;U) y^DA+ij-X N, N ' -v^xnjlz-N, N* 
-> f ^-7^;i/-4, 4' ->>75/ t*7iZM if) , 

«k o ttGLTmmwmiz-D ^xmzmmitu < . ft*^*n 

CD-ffc'&fjCD^'&tt.tcCD t> <D£>I#? LTffl t» 

[0 0 4 2] 
Utl 3] 




&<*:*CD>>:7xx;U*y >|jpg#: 30,3 

{m\)is.E\zmm(D%(D) . 

tflll 4] 




40 



[0 0 4 3] fa^t^O. Apply. Phys., 27, 269 (198 
(MfBXSL Jpn. J.Appl.Phys.,27,L713(1988), 77*7 50 
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-f yy^Xl/^- (Appl.Phys.Lett.),55, 1489(19 

89) &£lCSB®CDt>CD) . f^7i>P<t (#W¥4 
-2 1 2 2 8 6^$8&<!:{CfB«CDfcCD) . J- U TV— 
(Jpn. J.Appl.Phys.,32,L917(1993)^:<!f^l5« 
CDfcCD) . 7Ti?7V-)mm& (JB4 3@*iH 1 *^ 
^$$1, III P 1 a 0 0 7 & if tC IB* CD*) CD) . ;t*-> 

>»»^cd^js^ («?w«9m^&««f^ffi«. 

92(311), 43(1992)^:«i:»Cfa«CDfcCD) . */*-y-'J>l5i 
##:CD#'J V- (Jpn. J.Appl.Phys.,33,L250(1994)ft<i: 
izmm<Db<D) . 7it>hD'J>» (Sg4 3[eJilS 
*HFNII4?1K*. 1 4 J 0 7^i:*{C|E«CDt,CD) 

[0044] *3&mizm^z>mytttm\z\3., nsftT^g 

(19 9 1) . P 2 3 6(C|2«$nTVi-5ct37S:M7t^: 

^acD^^WiS^i^ifCD^illCD^^fSlBf^ffll,^ 
CiS'T^SA', JM*Wfctt, 7>h^-fe>. 7it> 
hl^>, fU>, ^Uir>. ^'Jl/>> 3D^>, 

yx.~)lteiz<D*i)=fy3L—U>mk'&V>i. l, 4-f 

X (2 -/^UX^IUIO ^>1f>, 1, 4-fX (4 
-J*3\H'X5 1| J;i') ^>-feT>. 1, 4 -t*X (4-*3=- 
;H5-7i^-2-t+WUW ^>-f>. 1, 
4 -t'X (5-7ir;| / -2-t^ , ;UJ» O-tf 
>. 2, 5 -fx (5 ->-\- U— 2 

XttWJM ^^-xx>. i, 4-/7ir;i/- 

1, 3 -y^'JX.>, 1, 6-^7x3-1, 3, 5 
-^h'JIX 1, 1, 4, 4 -fh77i-iK 
1, 3-^> ? X>^:<*:CD^->>^I/-->3>ffli» 
#MBS6 3-2 6 4 6 9 2 ^^fB^©** 
-»«I^©^JR«»#:, *y<J>Jfe», VisTJ^f-V 

xt-^y^>x*7>h5-fe>?fe^ =H*->t- 
TJ^^X^U^ipffeJ:^!; u>%kft. SfcS 
#^2 5 34 7 1 3&$g(CfB«<Z>:**l7^>S5flS-&$l. 

»4 omfomww^Mmm&mm^mm^mm. 1 1 4 
6 (1993) izmm<»x?-)\'S<>mm#&&zf¥fffl¥ : 

4-363891 n<&m%iM<D**Vz?T^-)Vmk& 

[0 0 4 5] *%^CDEL^^fP«!-r^ff®^7j)*CD 
0iJ€:^CD^CD^{C-pViTlii^-r^. 0S/|*S'?£' 

&mz-z>^xmm~?2>ii. ^-rm^fs.mm.±.\z, mmv 

T. IfSKttl 0~2 0 0 nm<Dm.me>mmiZl3.Z,Ji 

?\z. mm j $>7.rtv?v>7'f3.ii<Djjmz&K)mf&z 
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«. m^u. mmmnfe, xe>p-hft, *^xb 

SIM*. 1 AtmJ^T, ^Jx«^#^X/-?^i5"J >^#© 
[0 0 4 6] 

[0 0 4 7] nmm i 

2 5 mmX 7 5mmX 1 . 1 mm©^7XSfi±C I T 20 
O^If ftl:X5 Onm©f ^T'WLfcfe© (ImH 
(**) M) ^SB^^}#a«<hLfc„ C©mBJ^Jt 
*S*rtTlS(D^»^g (X^ttSI (#0 §U) 

OtSt 1 -TU;U- 1, 2, 3, 4, 5-^7i^ 
;i'~>7vi'D^>iS'> J X> (APS) £AtlTX£«£ 
lxlO- 4 Pa$TM)iUc. TPDAOCD^-rXS^in 
flftU mM5 0 nm\ZtJi^^oiZTPD&mmVtc. Z. 
<D±iZ. APSADCDSOtS^tt^UT, II5 0nm 

\,zu%&oizAP s&mmhfzo mmmmto. i~ 30 

0. 2nm/g>f^fc. -E-Oi^i*2xi0- 4 P 
a^T^JELT^e.. ^77 7-f hfiO^O^e, V 
^*>"y-A£l. 2~2. 4nm/f©i»iST, R 
PtlCt)5— ^CDS^)^effiSrO. 1~0. 2nm/# 

*g-&&JS«I£fi!ftJicZ)-h(C2 0 0 nmailfLTS 
ftttStU ff^MLfc. I TOlI^lg, 7f 

fC, jfit(ft«/£l 7 V$rSlia-r^<i:^l 0 OmA/cm 2 

nmrnmn, 6ooc d/m 2 ©*i-&cDfgft£#;rc. 40 

[0 0 4 8] £ffi0| 2 

mmmiT-m^tzAPs^ 1 -t kd+->- i, 2, 

3, 4, 5 -'<>^7i-Jl'->5y^n^>3'yX>i; 

TiZ. iaSS£«JEE 1 7V&$im-?Z>tm3 0 OmA/cm 
2 ©«git^n. 5 0 0 c d/m 2 
5§7t^ft«5 1 6 nm-efc-DAc. 
[0 0 4 9] *Jfi^J3 
nffiMl-Qm^fzAPSZ 1, l--J*=?)V-2, 5- 50 



*ftM¥9 - 8 7 6 1 6 

18 

fcfX (3-/fJP7iz;i/) -3, 4--y7xZJl/->7 

^ufc. mznfzmTiz. nmmzi 3 v^jn-r-s 

tij!«]8 0 OmA/cm 2 CDttSS*tgKn, 1 0 0 0 cd/ 
m 2 ^3t&Sti4 8 8 nmTib 

[0 0 5 0] 4 

HM^JlTffl^fcAPS^l, 1 -v^tMU-2, 5- 
ex (3-hU7MD^fjl/7xrM -3. 4-v 
7 x -> 7 •> ^ P ^ > ^ i^X > icf^ A t(^tt(i)«?5; 

[0 0 5 1] H jfitfj 5 
SIJi^JlTfflV^APSSrl, l-> J ^5 1 ;P-2, 5- 
t:*X ( 3 — fcf 1 J v;P) -3, 4-J77iZJk>7y!?D 
•-s>^v'x>t^^.fc^tt|S|^7S;7jftT^*^fi£L 

[0 0 5 2] HJgfjaj 6 

mmmi-vm^rzAPszi, 1-^^.^)1-2, 5- 

tfX ( 2 - tf »J 5>;W -3, 4 -v^xXJUiy^iy^P 
^>^v*x>{c«;A.fc^tt|WHi^ftT^^^fi£b 

fc. mzntzm^iz, mmmi£9 v&wua-tztmi 0 

0mA/cm 2 WflM^S!tn. lil5 0 0 cd/m 2 -Oi 

[0 0 5 3] ^ifi^J 7 
HlMlT'fflHfcAPSS:l -*5Mt,- 1 -7irf- 
2, 5-fcfX (3-tf'J^) -3, 4-y7iz;Py 
7 -> ;7 D 5>X > (Cf^ Afc^tt|SHt^77ftT^ 

3£#<J3 0 OmA/cm 2 (75«Sg^n, *59 0 0 cd 
/m 2 CDStfiWf£ft£#fc. 
[0 0 5 4] ^t&M 8 

»HTfflW;APSSl, i -v-rv^Ptf;u- 
2, 5-fT. (3-fcfU^;W -3, 4-77i-fy 

^^bfc. #enfe^lc, itffittJEi iv£TOirr 
-gxt^l 0 OmA/cm 2 ©SiSitdt^tl, iB2 0 0 cd 
/m 2 ©i^fe<©^^#feo 

[0 0 5 5] mS0iJ9 
IIJ6m-cVfllAfcAPS£l, 1 2, 5- 

ex (2-fir;w -3, 4 ->?7xx;i.->5~>i7P 
^>^^X>(C^^fe^tt|S|«^77ftT^*^fiicL 

fc. #e>nfc^{c. jt^mffi3. 5 v&wmrzt® 

3 OmA/cm 2 ©«8it^egn, I53 0cd/m 2 ®Si 

&<D%ytzmz. 

[0 0 5 6] Hig^Jl 0 
mS0lJlTfflV^APS$rl, 1 -SM V^d;!/- 2, 
5-t*X ( 2 -fl^JW -3,.4-i?7i-^y7y 
i7 P'O^ v'xxc^xfe^tiltHi^TJftTm^*^ 
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[0 0 5 7] &ffi&U 1 

mffimi-zmwzAPs&i, i 5- 

fcfX (5 -9 — 5"* U-y^v 5 7x^l/->U;U- 2 - 
^X-JU) -3, 4 -y7i^y7->^D'<>3'yI 

fc^tC. itg?t«/E 1 2 . 5 VSaift]-r^i:i^6 0 0m 
A/ cm 2 ©*«**8Sft. D2 0 0 0 c d/m 2 ©j||i 
lB©fgyt£#7Co ^7tjStS«5 5 1 nmT**oL 10 
[0 0 5 8] SHJS01J 1 2 

1 -em^fzA P S * TT S T TlzftTLfc&Mtm 

4 V^WiirrstiiS 1 OmA/cm 2 nnffi&ffitl. $3 

1 c d/m 2 ©It£©f87fc£f§7c. 

[0059] mmm 1 3 

HlWlTfflWcAPSif 9, 9' ->5XeDf7^ 

A/ cm 2 ©^SitaWl. S5 0cd/m 2 ©!J£-fe©f8 20 

9 h)lt.^±\Z— »U %7t»^tt4 0 5 nmT&o 

[0 0 6 0] Hi60ij 1 4 

— tCHJtU 53SS?©-5-P&tCTPD. giJ©^)^>«»CA 
PS. !)5 100^SC4, 4 * -hfX (2, 2->> 

y i-;nfr;i/) f7irji/ (dpvb i ) *AtitX 
1 X 1 0-*P a$TMJEEbfc„ TPDAOfflM 
#£Jnf?*U M/¥5 0 nmK:ft£±?l;:TPD£j£#L 30 
tz. £©_klC. DPVB i AD©5^#£ 4 JI]??ftUTWJP 

2 0nmCft5J;^i;DPVB i^ifL, £6tC. Z. 
©JiKAP SAD©£0#£;fjng*LTBIJP5 0 nmlc& 
-5«fc?JCAPS£^»bfc. ^#3SSttO. 1~0. 2 
nm/»T*-3Jfc. ^OiI$«*2xlO- 4 PaSt 

r>A£l. 2~2. 4 nm/#©^#jg«T. 

•5— *OSOff*>6*6 0. 1~0. 2nm/#Oll 

M^®Sr^?t»©±tC 2 0 0 nmllltLTjiiHSlig 40 
il, *^*»jffcLfc. I TOig^lI, •*!f*i'V 

Atm<Dm^mm^mmiiVT. #f,nfc^tc. mm 

^ h;HiDPVB i ©^^©^ftx^? MUt-gt 
Vtz. 

[0 0 6 1] ^Jfi^J 1 5 
SU6#I1 4Tffi^feAPS*TTSTTlC^fcH^J 

JE9. 5 VS-^lin-r«>t*t) 1 0 0mA/cm 2 O|P 

fisn#e©^3t*#fc. 50 
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[0 0 6 2] mmm i 6 

!y60»Jl 4TIV^cAP S£ 1, \- i J^J-)V-2, 5 

- tfX (3-7WP7X-JW -3, 4-y7i^l/ 

Stttl OOmA/cm 2 ©*«)&«i*ft#e©SBteS# 

fc. 

[0 0 6 3] Hig^J 1 7 
HJSCT1 4Tffl^feAPS4 1, 1 -5>*3=-;!/-2, 5 
-t*X (3-tf'JyW -3, 4-;7i^y 7 yi' 

u^>? vx.>\zKA.tz\£tY\zmmttm^mT*ftfo 

OOmA/cm 2 ©«^»tnWfe©^7t*»Ac<, 
[0 0 6 4] *ft6£0t| 1 8 
MH&mi 4TfflUfcAPSS:l, 2-fc'X (9-*^ 

- > V-> ^ -> i7 n s05>i>x.-)\>) x^>{cft*.fc 

Mmmmte.jjmT'm^&fti&vtz. ^zntzm^iz, 
mffimj£&wm-?z> tnffi&vanm&vftytzmzo 
[0 0 6 5] nmm i 9 

-tc@5£U 5$I©5^SI:tpd. gij©so«{rT 

TSTT, fc5 l^ro-SOlflCA 1 q£AnT3t£»£ 
lxlO- 4 PaST®EUc. TPDAD©-50«£i)t) 
JRU ^iP5 0 nm»C&-5J;5t;rTPD£^»Lfco £ 
©_kfc, TTSTTtAl a050(^*CMlTi 
f 5 0nml;^<J;5(ClfUc. Al q ©j&»j£gtt 
0. 1~0. 2 nm/frtf&O. TTSTTO^tlBA 
1 q©l OO^OlTS^fc. f©MSiS2X 1 0 
- 4 PaST«ffLT*^, if 5 7 r 4 hmoZ-O&fr 
6, -7^->r>A£ 1 . 2~2. 4 nm/&(Dmm&& 
T, I^P#{Cfc5— 77©-5OtS^?,^^0. 1~0. 2n 
m/S>©j&»j§/*T*&»Lfc. ±f5*#TV^v^A 
<h«©^-&^ , ||«S^^7tB©±(C2 0 0 nmttJl^f 
bTMfSlSgtU. ^SJgjsSUfc. ITOlffi^i 

T^y^AiiOi^tS^igtUT, #6»n 
fe^TfC. Sffitffi 1 1 V ^ EPlflt 5 1» 9 0 0 m A/ 
cm 2 (Dmffirfffinm 2 0 0 0 0 c d/m 2 ©3t1t&© 

[0 0 6 6] Hi60<J2 0 

njsm 8<DTTSTT(Dmmmm*A 1 q ©i 0 o» 
<D3\ztttt&mtmmteJ}&T'mTZi¥f$.vtzo 
ntzm?\z. mmm&i 2 v&wmT2>tM9 0 omA 

/cm 2 ©tflktfttnft) 1 2 0 0 0 c d /m 2 ©*igfi 

©^7t*»fc. £©3?t^tt3 0 oftmmmwzhftvm 
&&<D5zmm*>tifz. 
[oo67] mm&i 2 1 

mt&mi 8TfflWcTTSTTS 1, l-y-fV7"P^ 
-2, 5 -fX (2-^X-;U) -3, 4-y7iZ^ 

>y is? u^>? =j^y\zR^tz^\tmm^m^m 
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•TZtms 0 OmA/ cm 2 (Dm^mtim 8 OOOc 
d/m 2 CDHfi©^7t*#fc„ 

[0068] mmm 2 2 

-KBJtU 5»©5^l:TTSTTSAnt»$ 
ftSlxlO-'PaJTMEUc. TTSTTADOS 
OtSSriDl^b, MJ?1 0 0nm»C/5^>J;-5ICTTSTT 
^»SS«0. 1-0. 2nm/#T&o 
fc. ■tO«H3S»*2X10-«PaS-C«JEELT^6. 

h8?cD^>0^e>. V;7*^>£A£ 1 . 2~ 10 
2. 4 nm/f ©ii»T. I^MCfcp— ^rCDSO« 
*>6<fi*0. 1~0. 2 nm/^ffllf ISTlfL 

IO±C2 0 0 nm«S^LT*KRjllS<i:L, 

«ffi*&ffi£LT, #&nfc3*?fc. ««tSJE£EP;!joT 

[0 0 6 9] ^liStfiJ 2 3 

— fc@£U H^gfCD-S^StCTPD, giJ^^SlCT 20 
TSTT. fcp lOOS^IffcA 1 q^Ant^aif* 
lxiO- 4 Pa*T«Elfc. TPDAOCD-SOtSSJP 

TTSTTAOfflSOf^ftliLTiSl OnrnKftS 
&OlzmmV. SZiZA 1 g W-S^>«^J0l^LTKi?2 
0 nrnKftickifcltLfc. j&»3«*te0. 1-0. 
2nm/TOofe. *O»«aiS2X10- 4 PaS 

->?A£1. 2-2. 4 nm/#CD^#jg«T, (sJ^FtC 
^^-^©^Otof.ffi^O. 1 — 0. 2 nm/t©l 30 

&m,nm*%ytm<D±.\z2 o o nmantLT^i 
[0 0 7 0] mmm 2 4 

Ml/-*B0m. 9, 9' -~>7XtfPtf^;^ 
l^>5 0M*gB£ 1 , 2-y?DUX^>(;gSLfct) 40 
(D* 5 0 0 0 r pmTitLfc. -^CD^ 1 
0-'Pa©MET5 0t;i;Tftm i£»i£ecDS«* 
Jl/^-KHfcUfc. ^©MSi52X10- 4 PaST 

•JASl. 2-2. 4 nm/U>CD^»jgST. EH&fcfc 
5— 7j©-5t3&#>£&£0. 1-0. 2 nm/#(Olf 

jnttii^5!jtew±^2 o o nmmmmmisXMfamM 
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mJEl 4 V%8)1ja-?2>£m3 0 0mA/ cm 2 CD@8t£# 
2 0c d/m 2 ®^e©^7t*^fco 
[0 0 7 1] HJS0iJ 2 5 
HS60IJ2 4T?ffiH&#U f-.;i/*;|//N^/-^5 0£1 

8B, 9, 9' -xtfD f->77;^l/>5 oassrc© 
1. 2 -y^DDi^>gjgl;^t, ^Ut^iPM 
;i/5 ofi»a$, 9, 9' -iyyX\fU\dy)^U 
>5 0fift3B. ^-7'J>6 (KODAKttl) 1 SftgE 
©1, 2-^i7nPX^>^^fflV^cU(^«IISS0iJ2 

[0 0 7 2] ^%«fy 2 6 
[0 0 7 3] SlJStfl 2 7 

«*ttra«'&#ftTM*?£«M*ufc. » en/tame 

[0 0 7 4] *S60i|2 8 
*SS^iJl 4TfflWcDPVB i £9, 9' -->^XtfD 
fcf7JM-U->»C. APS*Alql:ftAfcWW»& 

V$EPiaf-2)i:^3 0 OmA/cm 2 ©^Sfttftj^n, *<J 
1 2 0 0 c d/m 2 ©£§ficr>$S}fc£*§fc. fgftX^:7 h 

«3t»«tt4 0 5 nmT&ofc. 
[0 0 7 5] JISS^J 2 9 

-tCB^U 5^K050ff(;TPD4 0fi»gB. AP 
S 6 0 S»gBRtf V ij > 6 * 1 SSgBAnx JK£«£ 
lxlO- 4 PalT-aELfc. £©-g>Ot££rinj?*U $1 
JH0 0nmlC^<t51Clf Lfc. ^#jS««1~ 
1. 2 nm/frt?&o?fc. -£-©&X^fi£2 X 1 0" 4 P 
aSTMJEEbT^e., ^777^M!05^5, V 
if*~>V&&l. 2-2. 4nm/#OS«MT, R 
R#lCfe3— ^OSOlSi^ffi^O. 1-0. 2nm/fJ> 

8^ItSS*)tlO±l:2 0 0 nmtllfUM 
lilfli-L, ^Sr^fiKLfc. ITOtl^ig. T^7* 

[0 0 7 6] £ jfcffl 3 0 
SgJ£0U 4tfflWcAP S£ 1, 1 -v?/^;|/-2, 5 
-bfX <2 — tf'J V>)V) -3, 4-y7i-^y7->7 

bfc. #e>nfc^lC, fifftttEE4. 5 V^BittrrSi 
J!j7mA/cm 2 ©®8fia*«m. *3130c d/m 2 © 

ffficosg>tsri§fc. zwm^omxmxmgH*. 6 0 0 
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0 c d/m 2 £j@*.fc„ 

[0077] m mm 3 1 

mm&13 OTl^cDPVB i £A 1 q KttAfc&WJ 

JEE3 V&ffl1sa-§rZ> t.%3 1 mA/ cm 2 <Z>Hflft*>WU ft 
2 0c d/m 2 ©ItfeO^Tt^Wfeo dCOm^Oft^fg 
ftWAte. 1 3 0 0 0 c d/m 2 * 
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* [0 0 7 8] 

tt tC^tlfe v- 7 > 0 D ^ > ^ J?x >i5fa£#£ffl V>T l»* 



7D> h^— v>CD^ 
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